The relationship between microalbuminuria and retinal vessel responses to sus tained handgrip contraction was studied in a group of 20 diabetic patients. The dia betics were divided into two groups based on their albumin excretion rates (AER):
Retinal vessel responses to sustained isomet ric muscle contraction have recently been quantified. 1 The changes in vessel calibre probably reflect an autoregulatory response to the simultaneous rise in systemic blood pressure. By contrast, the diabetic retinal cir culation shows impaired autoregulation with complete loss occurring in proliferative retinopathy. 2 An association between proliferative ret inopathy and proteinuria is recognised in dia betic patients.3.6 Functional haemodynamic changes have been proposed as aetiological factors in the development of these complications.7,8 As a direct corollary, one may postu late a relationship between proteinuria and impaired retinal autoregulation in patients with diabetes mellitus.
We therefore studied the relationship between microalbuminuria and retinal vessel responses to sustained isometric muscle con traction in a group of diabetic patients.
Patients and Methods
Twenty diabetic patients (mean ± standard error of the mean (SEM)), (18 male, mean age: 56.3 ± 2.4 years; range 34 to 73 years) were included in the study following informed Correspondence to: L. P. Lanigan FRCSE, Moorfields Eye Hospital, City Road, London EC1V 2PD. consent and Ethical Committee approval. The eleven insulin dependent diabetics and nine non-insulin dependent diabetics were subdivided into two groups: based on the results of albumin excretion rates (AER). The AER were determined using a modified immunoassay technique (with single antibody assay and polyethylene glycoprecipitation) to measure albumin concentration.9 Excretion rates were calculated from one or more timed overnight samples of urine collection. The upper limit of normal for AER from over night samples was set at 10 tncg/minlO and patients with such values were included in Group 1. Diabetics with AER greater than ten mcg/min were defined as Group 2.
Group 1 (AER�lO mcgm/min) consisted of ten diabetic patients: mean age 55.8 ± 3.9 years, range 34-71 years, five IDDM and five NIDDM. Group 2 comprised ten diabetic patients: mean age 56.8 ± 2.04 years, range 41 to 73 years, six IDDM and four NIDDM.
The mean duration of diabetes mellitus was 13 ± 2.86 years (range 2 to 25 years) and 10.3 ± 2.61 years (range one to 29 years) for Groups 1 and 2 respectively.
Long-term control of diabetes was assessed by glycosylated haemoglobin estimation in all subjects. Diabetics with autonomic nerve dys function were identified by the following methods: (a) Diastolic blood pressure rise of less than or equal to 10 mmHg in response to 33% maxi mum sustained handgrip contraction. 
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Retinal vessel responses to systemic autonomic stimulation
The protocol was similar to that described previously.l Each patient was studied seated at the fundus camera with one pupil dilated (whichever was preferred by the patient) with G. Tropicamide 1 % and G. Pheneylephrine 10%.
Three baseline blood pressures were taken from the non-exercising arm using a sphyg momanometer with an automatic inflatable cuff (CO PAL VA 231). The subject was instructed to perform three maximum hand grip contractions with the dominant arm to establish their maximum voluntary contrac tion (MVC). The subject then performed a sustained handgrip contraction at 33% MVC for 2-2.5 minutes; three BP measurements were taken at 0.5, 1.5 and 2.5 minutes during handgrip contraction and three phases of fun dus photographs (each consisting of five repli cations) were taken at 1, 2 and 2.5 minutes. On release of the handgrip a final BP reading and single phase of fundus photographs were taken at five minutes. All diabetic patients maintained a 33% maximum voluntary con traction for 2.5 minutes.
Analysis
All films were analysed using the Quantimet 800 Image analyser (Cambridge Instruments) a technique established in this department.
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Ten to 18 suitable vessel sites were selected in each patient comprising approximately equal numbers of arterioles and venules nominally within the calibre range (64-174 !--t m) calcu lated on the basis of the Gullstrand Schematic Eye. Vessel calibres at these sites were measured and the means, standard error of the means (SEM) and one way analysis of variance (ANOV) for each site within repli cations and between the phases were calcu lated. Percentage change in mean retinal vessel calibre between phase 1 and phase 4 (at 2.5 min hand grip ) were calculated for each subject; significance was assessed by the stu dent t-test for paired data (two tailed). Linear regression analysis was applied to assess any correlation between microalbumi nuria and mean retinal arteriolar responses.
Results
The two diabetic groups were very similar in all respects except retinopathy and autonomic status; Table I .
(1) Retinal vessel responses Mean retinal vessel responses to sustained handgrip were significantly greater in Group 1 than Group 2; mean arteriolar constriction (p<0.02) and mean venule constriction (p<0.02). In Group 1 (AER�10 mcgmlmin), there was a mean arteriolar constriction of 6.9 ± 1.69% (p<O.Ol) and mean venule con striction of 4.2 ± 0.05% (p<O.OOl). Group 2 (AER>10 mcgmlmin) showed a mean arte- (2) Blood pressure responses There were no significant differences in the mean rise in diastolic blood pressure during sustained handgrip contraction between the two groups: Group 1 +22.6 ± 2.0 mmHg, range 12-34; Group 2 +23.4 ± 4.29 mmHg, range 6-50 mmHg. There was no correlation between the blood pressure responses and the retinal vessel responses in either group. Three diabetics in Group 1 had definite auton omic dysfunction based on autonomic nerve function tests, while in Group 2 (AER> 10 mcg/min) three had definite autonomic dys function and four early dysfunction. There was no difference in the degree of gly caemic control between the two groups as assessed by HbAI values: Group 1 9.09 ± 0.83% , and Group 2 8.38 ± 0.56% .
(5) Retinopathy
Retinopathy was assessed by opthalmoscopy and inspection of the fundus photographs. The degree of retinopathy was slightly worse in Group 2 compared to Group 1 (Table IV) Subject no.7 in Group 2 had an AER of 69.7 mcg/min and was a complete outlier com pared to the rest of the AER values in this group. Excluding this subject from the linear regression analysis, there was a significant correlation between loss of retinal artery responses and micro albuminuria (r=0.5 79; p< O. O OI), (Fig. 3) .
Discussion
The present study demonstrates significantly decreased retinal vessel responses to systemic autonomic nerve stimulation in diabetic patients with microalbuminuria. The groups studied were reasonably equivalent, with no significant differences in mean age, type of
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)lg I min Fig. 3 Correlation between mean retinal artery responses during handgrip contraction and AER.
diabetes, mean duration of diabetes, gly caemic control or mean resting blood pressures. Significant retinal vessel constriction occurs in normal subjects during systemic autonomic stimulation. 1 The vessel constriction probably represents an autoregulatory response to the elevation in systemic blood pressure during sustained handgrip contraction. The present study has shown a significant loss of retinal vessel reactivity to sustained handgrip con traction in diabetics with micro albuminuria (AER>10 mcg/min). Excluding subject no.7 in Group 2, there is a significant correlation between retinal vessel responses and micro albuminuria, confirming an assoclatlOn between these diabetic complications.
There was a higher incidence of autonomic dysfunction in Group 2 (seven diabetics, of which three had definite autonomic· neuro pathy and four mild autonomic dysfunction) compared with Group 1 (three diabetics had definite autonomic dysfunction). Autonomic neuropathy has previously been shown to affect renal function by reducing splanchnic vascular resistance with consequent increase in renal blood flowJ3 and urinary sodium excretion.14 The higher incidence of autono mic dysfunction in Group 2, may be an impor tant factor related to the increased AER in this group, although the association of auton omic dysfunction and micro albuminuria may equally merely reflect an advanced stage in the diabetic microvascular disease, as patients with diabetic autonomic neuropathy are also at a higher risk of developing abnorinal renal function.
The degree of retinopathy, however, was actually slightly worse in Group 1 compared to Group 2 (Table IV) , although the differ ence between the groups was not significant. This may reflect the small size of the group studied and the patchy nature of diabetic vas cular disease. Sinclair et al.2 have demon strated an inverse relationship between retinal vessel autoregulation and diabetic ret inopathy, with complete loss of autoregu lation occurring in proliferative retinopathy. However in the present study, the group with maximum loss of retinal vessel response (ie impaired autoregulation) (AER> 10 mcg! min; Group 2) showed less severe retino- Microalbuminuria is both an early predic tor of diabetic nephropathyl6,23 and has been proposed as the most effective non-ocular indicator of visual loss in diabetes.5 The observed association between retinal vessel reactivity and micro albuminuria may be a manifestation of coincidental natural history, however it may equally support the hypoth esis of a causal relationship between haemo dynamic changes and diabetic nephropathy. Impaired autoregulation of the retinal vas culature may represent an early prognostic indicator of the alteration in haemodynamics proposed as a significant factor in the patho genesis of nephropathy and retinopathy. 
